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PROBLEM TO BE SOLVED: To obtain an equal attenuation quantity for light 

signals 

of 

SOLUTION: This optical attenuator consists of a single-mode optical 
fiber 2 

consisting of a core and a clad for transmitting light signals 
differing in 

wavelength from each other; and an internal layer 2a of the single-mode 
optical 

fiber 2 contains with a high content density a dopant which increases 
the ^ 

Y^nuation qua ntity of a light signal more as t he wavelength of the 

^trfnal i s longer and-an ^ext.e,rjDal layer 2b of thf 
fiber ^ 

^ntainns as a high cont ent densi ty a dopant which increases the 
attenuation ' ^^^^^^^^ ^ ^ ^ ^ ^ . ... ^ 

quantity of the light signal more as the wavelength of the light signal 
is 
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shorter. The dopants that the internal layer 2a and external layer 2b 
contain 

may be contained reversely. Consequently, a long-wavelength light 
signal and a 

short- wavelength light signal can be given attenuation effect to 
nearly the 

same extent, so the wavelength dependency of the optical attenuator is 
reducible . 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to an optical attenuator and 
relates to the optical attenuator used in order to carry out constant-rate attenuation of the lightwave 
signal in fields, such as optical communication, optical measurement, and a CATV system esoeciallv 
[0002] ' ^ ^' 

[Description of the Prior Art] In the field which performs data transmission and control using lightwave 
signals, such as optical communication and optical measurement, the optical attenuator which carries out 
constant-rate attenuation of the lightwave signal with amplification and transform processing of a 
lightwave signal is used. This optical attenuator has a means to prepare the material which makes the 
pars intermedia of this optical attenuator absorb a lightwave signal, and the structure generally, and the 
optical attenuator which the dopant which makes an optical fiber absorb light especially contained is 
proposed (IP,54-2754,U, JP,63-96504,U, JP,63-96506,U). According to this optical attenuator, it can 
bear to high input control power, and an assembly becomes easy. 

[0003] Moreover, since it is communicating not only on the hght of single wavelength but on different 
wavelength, almost similarly [ the magnitude of attenuation ] in the wavelength from which an optical 
attenuator also differs, a bird clapper is desirable in optical communication. Such an optical attenuator 
consists of the structure which inserted the optical fiber 52 which has the function which decreases a 
Ughtwave signal in the center of the ferrule 53 which consists of a metal or ceramics, as shown in 
drawing 5 (a). The optical attenuator 51 which has an optical fiber to which it has the fiinction which 
carries out optical attenuation especially, and the magnitude of attenuation becomes equal to different 
wavelength is proposed (JP, 1-38613,U). This optical attenuator has the dopant content field 54 which 
has the function which decreases light at the center of an optical fiber 52, as shown in drawing 5 (b). The 
dopant of this dopant content field 54 is equipped with the property that the magnitude of attenuation 
becomes large as wavelength becomes long. Moreover, this dopant content field 54 is in the suitable 
range to the mode field 55. 
[0004] 

[Problem(s) to be Solved by the Invention] however, in such an optical attenuator 51 When a dopant to 
which the magnitude of attenuation will become large if wavelength becomes long and which contains 
cobalt (Co), for example is used, If it is made the structure where the magnitude of attenuation becomes 
equal by wavelength the meter of 1 .3 microns or of the Ughtwave signal currently used by optical 
communication (micrometer), and 1.55 micrometers, and a dopant content field becomes equal to a core 
diameter When it is necessary to shorten a cutoff wave length and and bending loss etc. is taken into 
consideration, there is a difficulty of not bearing practical use. Therefore, in the case of the optical fiber 
which has a suitable cutoff wave length, you have to make a dopant content field smaller than a core 
diameter. Since manufacture of the optical fiber of such structure becomes very complicated, it becomes 
the factor of a cost rise. 

[0005] Moreover, when only the clad portion of an optical fiber is made to contain a dopant, the 
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magnitude of attenuation must make [ many / very ] the content of a dopant, for obtaining a large thing, 
and is difficult on manufacture, this invention was made in order to solve such a conventional difficulty, 
and it aims at offering the optical attenuator which can reduce a wavelength dependency by obtaining 
the equal magnitude of attenuation to the lightwave signal of two or more kinds of wavelength with 
simple composition. 
[0006] 

[Means for Solving the Problem] The dopant to which a single mode optical fiber is divided into a inner 
layer and an outer layer, the optical attenuator of this invention which attains such a purpose consists of 
a single mode optical fiber with the core and clad for transmitting the lightwave signal of two or more 
mutually different wavelength, the dopant to which the magnitude of attenuation of the lightwave signal 
concerned increases contains it, so that the wavelength of a lightwave signal is long to a inner layer, and 
the magnitude of attenuation of the lightwave signal concerned increases, so that the wavelength of a 
lightwave signal is short in an outer layer contains. 

[0007] When such a single mode optical fiber is seen from a cross section, compared with a lightwave 
signal with long wavelength, it concentrates on a center and the lightwave signal with short wavelength 
is spread. Therefore, it will be influenced of the dopant which contains a signal with the shorter 
wavelength which a power distribution concentrates on the center of a single mode optical fiber in the 
inner lay er of a single mode optical fiber, and will be influenced of the dopant to which a power 
distribution contains a signal with the longer wavelength which spreads in radial [ of a single mode 
optical fiber ] in the outer layer of a single mode optical fiber. Thereby, the wavelength dependency of 
an optical attenuator can be reduced. 

[0008] Moreover, you may make it a inner layer included in a core, and may make it set a inner layer as 
the interior of a core further in the optical attenuator of this invention. Also in any, the wavelength 
dependency of an optical attenuator can be reduced like an above-mentioned optical attenuator. 
Moreover, the dopant to which a single mode optical fiber is divided into a inner layer and an outer 
layer, the optical attenuator of this invention consists of a single mode optical fiber with the core and 
clad for transmitting the lightwave signal of two or more mutually different wavelength, the dopant to 
which the magnitude of attenuation of the lightwave signal concerned increases contains it, so that the 
wavelength of a lightwave signal is short to a inner layer, and the magnitude of attenuation of the 
hghtwave signal concerned increases, so that the wavelength of a lightwave signal is long in an outer 
layer contains. 

[0009] Such a single mode optical fiber will be influenced of the dopant which contains a signal with the 
shorter wavelength which a power distribution concentrates on the center of a single mode optical fiber 
in the outer layer of a single mode optical fiber, and will be influenced of the dopant to which a power 
distribution contains a signal with the longer wavelength which spreads in radial [ of a single mode 
optical fiber ] in the inner layer of a single mode optical fiber. Thereby, the wavelength dependency of 
an optical attenuator can be reduced. 

[0010] Moreover, you may make it a inner layer included in a core, and may make it set a inner layer as 
the interior of a core further in the optical attenuator of this invention. Also in any, the wavelength 
dependency of an optical attenuator can be reduced like an above-mentioned optical attenuator. 
Furthermore, in the optical attenuator of this invention, it is desirable that the path of an outer layer is 2 
to 6 times the core diameter. This is because a wavelength dependency can be reduced by increasing a 
dopant content field 2 to 6 times of a core diameter since the size of the mode field which is generally 
easy to be influenced of a dopant is the double-precision grade of a core diameter. 
[001 1] Moreover, as for each dopant, in the optical attenuator of this invention, it is desirable that they 
are an organometallic compound containing one or more sorts of transition-metals ion chosen from 
cobalt (Co), chromium (Cr), copper (Cu), iron (Fu), nickel (nickel), manganese (Mn), and vanadium (V) 
or rare earth elements. By using alternatively such an organometallic compound or rare earth elements, 
the magnittide of attenuation according to the frequency of a lightwave signal can be obtained 
[0012] 

[Embodiments of the Invention] Hereafter, one gestalt of operation of the optical attenuator of this 
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invention is explained with reference to a drawing. The optical attenuator of this invention can be 
ou^utted to the other end, after attenuating the lightwave signal of a constant rate when the single mode 
optical fiber 2 which consists of the core and clad for transmitting the lightwave signal of two or more 
mutually different wavelength is inserted in the center of a ferrule 3 and the lightwave signal was 
inputted from the end, as shown in drawing 1 (a). The dopant to which it contains by content 
concentration with the high dopant to which the magnitude of attenuation of the lightwave signal 
concerned increases, so that the wavelength of a lightwave signal is long to inner layer 2a, as shown in 
drawing 1 (b), and the magnitude of attenuation of the lightwave signal concerned increases, so that the 
wavelength of a lightwave signal is short to outer layer 2b contains such a single mode optical fiber 2 by 
high content concentration. 

[0013] Thus, it is because the lightwave signal with short wavelength concentrates on the center of an 
optical fiber and is spread compared with a lightwave signal with long wavelength to make a dopant 
contain, when a single mode optical fiber 2 is seen from the cross section. That is, when inner layer 2a 
of a single mode optical fiber 2 is made to contain the dopant which attenuates the transmitted light 
greatly so that the wavelength of a lightwave signal is long, a lightwave signal seemingly shorter than a 
lightwave signal with long wavelength will be greatly influenced of a dopant. Therefore, by controlling 
this balance, the wavelength dependency of the magnitude of attenuation which the dopant has can be 
compensated, and the wavelength dependency of the magnitude of attenuation of an optical attenuator 1 
can be reduced. 

[0014] Here, the dopant which a single mode optical fiber 2 is made to contain is explained. Usually, the 
dopant which is an organometallic compound containing transition-metals ion is used for the optical' 
fiber for communication, and one sort or two sorts or more can also be mixed and used, respectively. It 
is desirable to use the cobalt (Co) which can obtain the high magnitude of attenuation, chromium (Cr), 
copper (Cu), iron (Fu), nickel (nickel), manganese (Mn), vanadium (V), etc. as such transition-metals ' 
ion. Moreover, you may use the erbium (Er) which can be missing from 1.5 micrometers from rare earth 
elements (micrometer), for example, 1.4-micron meter, at the optical fiber for communication, and can 
absorb light. 

[001 5] The relation between the wavelength of the dopant of these various kinds and loss is shown in the 
the graph of drawing 2 . This graph expresses wavelength with NANOMETA (nm) to a horizontal axis, 
and expresses the optical magnitude of attenuation with (dB/km) to the vertical axis. In characteristic 
curve ** shown in drawin g 2 (a), characteristic curve ** with which nickel (nickel) and ** are copper 
(Cu) and manganese (Mn) and ** indicate [ ** / cobalt (Co) and ** / iron (Fu) and ** ] chromium (Cr) 
and ** to be for vanadium (V) and ** to drawing 2 (b) shows the property of an erbium (Er). Therefore, 
it turns out that cobalt (Co) and nickel (nickel) are suitable for inner layer 2a of the single mode optical' 
fiber 2 shown in 1.3 micrometers - about 1.5 micrometers, then drawing 1 (b), and vanadium (V) is 
suitable for outer layer 2b in the wavelength of the lightwave signal used by this optical attenuator 1. 
[0016] Thus, the attenuation of the constituted optical attenuator 1 is explained below. If a Ughtwave 
signal with short wavelength is inputted from the end of the single mode optical fiber 2 of an optical 
attenuator 1, since a power distribution will concentrate on the center of a single mode optical fiber 2 
and will spread this lightwave signal, it is influenced of the dopant contained in outer layer 2b. 
Moreover, since this lightwave signal will be spread while a power distribution spreads in radial [ of a 
single mode optical fiber 2 ] if a lightwave signal with long wavelength is inputted from the end of a 
single mode optical fiber 2, it is influenced of the dopant contained in inner layer 2a. Therefore, since a 
damping effect almost of the same grade can be given to a lightwave signal with long wavelength, and a 
lightwave signal with short wavelength when it sees from the whole cross section of a single mode 
optical fiber 2, the wavelength dependency of an optical attenuator 1 can be reduced. 
[0017] In addition, although outer layer 2b of a single mode optical fiber 2 was made to contain the 
dopant to which inner layer 2a of a single mode optical fiber 2 is made to contain the dopant to which 
the magnitude of attenuation of the lightwave signal concerned increases, so that the wavelength of a 
hghtwave signal is long, and the magnitude of attenuation of the lightwave signal concerned increases, 
so that the wavelength of a lightwave signal is short, you may make it attach not only this but a suitable 
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concentration distribution in one gestalt of this operation. 

[0018] Into for example, core Ml portion of the mode field M produced in core 20a and clad 20b of a 
single mode optical fiber 20 in which a inner layer as shown in drawing 3 contains core 20a The dopant 
to which the magnitude of attenuation of the Ughtwave signal concerned increases, so that the 
wavelength of a lightwave signal is long is made to contain by high content concentration. And the same 
effect can be acquired even if it makes it contain the dopant to which the magnitude of attenuation of the 
Ughtwave signal concerned increases by high content concentration so that the wavelength of a 
lightwave signal is short into the periphery portion M2 of the mode field M. Under the present 
circumstances, it is theoretically impossible although it will not become if a dopant content field is less 
than the mode field M whole region. However, since the size of the mode field M which is generally 
easy to be influenced of a dopant is the double-precision grade of a core diameter, it can reduce a 
wavelength dependency for a dopant content field by [ of a core diameter ] more specifically increasing 
2 to 6 times more than double precision at least. 

[0019] Moreover, the same effect can be acquired even if it makes the dopant to which it is made to 
contain the dopant to which the magnitude of attenuation of the Ughtwave signal concerned increases by 
high content concentration, so that the wavelength of a lightwave signal is long to core 200a of the 
single mode optical fiber 200 by which the inner layer as shown in drawing 4 was set as the interior of 
core 200a, and the magnitude of attenuation of the lightwave signal concerned increases, so that the 
wavelength of a lightwave signal is short to clad 200b contain by high content concentration 
[0020] 

[Example] Furthermore, it experimented on the following conditions about the attenuation performance 
of the optical attenuator of this invention. 

8 micrometers of example 1 core diameters, and a ratio - the single mode optical fiber which added 
cobalt (Co) throughout the core and added 3000 ppm (V) of vanadium to the clad of the 4 times as much 
range as 8000 ppm and a core diameter was created by 0.3% of refractive-index differences, and 20mm 
of fiber length, and the magnitude of attenuation of the optical attenuator for which this single mode 
optical fiber is used was measured The magnitude of attenuation was able to be set to 15.5dB by 1.3 
micrometers, and was set to 15.2dB by 1.55 micrometers, and it has checked having not wavelength 
depended. 

To clad, the single mode optical fiber which does not add an absorber was created using the same core 
base material as example of comparison 1 example 1, and the magnitude of attenuation of the optical 
attenuator for which this single mode optical fiber is used was measured. The magnitude of attenuation 
was set to 1 1 .3dB by 1 .3 micrometers, and was set to 14. IdB by 1 .55 micrometers, the wavelength 
dependency of the magnitude of attenuation is large, and the bird clapper was found. 
8 micrometers of example 2 core diameters, and a ratio ~ the single mode optical fiber which added 
cobalt (Co) throughout the core and added 10000 ppm (Er) of erbiums to the clad of the 4 times as much 
range as 6000 ppm and a core diameter was created by 0.3% of refractive-index differences, and 20mm 
of fiber length, and the magnitude of attenuation of the optical attenuator for which this single mode 
optical fiber is used was measured The magnitude of attenuation was able to be set to 8.5dB by 1.3 
micrometers, and was set to 7.9dB by 1.55 micrometers, and it has checked having not wavelength 
depended mostly. 

8 micrometers of example 3 core diameters, and a ratio - the single mode optical fiber which added 
nickel (nickel) to the clad of the range of the double precision of a core diameter, and added 300 ppm 
(V) of vanadium to 10000 ppm and the circumference of those including the core by 0.3% of refractive- 
index differences and 20mm of fiber length was created, and the magnitude of attenuation of the optical 
attenuator for which this single mode optical fiber is used was measured The magnitude of attenuation 
was able to be set to 19.5dB by 1.3 micrometers, and was set to 19.0dB by 1.55 micrometers, and it has 
checked having not wavelengtii depended mostly. 
[0021] 

[Effect of the Invention] As mentioned above, since the wavelength dependency of the magnitude of 
attenuation which each dopant has by taking into consideration the absorption property of two kinds of 
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dopants that the magnitude of attenuation differs, and controlling the content range of each dopant in a 
single mode optical fiber by wavelength of a lightwave signal can be compensated according to the 
optical attenuator of this invention as explained, the wavelength dependency of the magnitude of 
attenuation of an optical attenuator can be reduced. Moreover, since a desired effect can be acquired 
only by making an optical fiber contain a dopant, a manufacturing cost can be reduced. 



[Translation done.] 
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